transporters pump it into the ER. The physiological hall-1996 [this issue of Neuron]). The conclusions clarify fly vision, but the roles of the human homologs are still in mark of the capacitative Ca 2ϩ entry process is a large receptor-mediated transient [Ca 2ϩ ] i increase followed by the early stages of investigation.
In the human retina (Figure 1 ), light impinges on a a prolonged high [Ca 2ϩ ] i plateau dependent on [Ca 2ϩ ] o . Electrophysiologists (Lewis and Cahalan, 1989 ; Hoth small, photosensitive molecule, retinal, nestled in the opsin receptor. The resulting activated receptor in turn and Penner, 1992) subsequently identified a very specific and highly Ca 2ϩ -selective current (Ca 2ϩ releaseactivates its associated G protein whose target, cGMP phosphodiesterase, then degrades cGMP. In the dark, activated current; I CRAC ) initiated by a variety of store depletion protocols in whole-cell recordings from single the cGMP levels are high, and a steady transmembrane "dark" current (80% Na ϩ , 15% Ca 2ϩ ) flows across the blood cells. Then things got complicated; first, investigators accGMP-sensitive channels to keep the cell depolarized and secreting neurotransmitter. In the light, cGMP is customed to defining capacitative Ca 2ϩ entry using [Ca 2ϩ ]i-sensitive fluorescent dyes started equating their degraded to 5Ј-GMP, the channels close, the cell is hyperpolarized, Ca 2ϩ levels fall, and less neurotransmit- ] i changes almost certainly represent more than one type of entry mechanism, while I CRAC appears to lates the guanylyl kinase and cyclase pathways (Koutalos and Yau, 1996) . Phospholipase C is present in rod represent a single mechanism. For this reason, the term I CRAC should only refer to the current measured under outer segments, but its function is unclear.
Vision in the Drosophila (fly) eye is encoded in a fundavoltage clamp with the properties described by Hoth and Penner (1992) , while all other such entry mechamentally different way and involves a much more common signal transduction system (Figure 2 ). Light still nisms can be covered by the name store-operated channels (SOCs). Second, a horde of Ca 2ϩ entry factors modifies rhodopsin (fly NINAE), which activates heterotrimeric G proteins. Now, however, the fly G protein (CEFs) were proposed, ranging from IP 4 and a mysterious small molecule (calcium influx factor), to heterotritargets phospholipase C␤ (NORPA), a key signal transduction enzyme in most eukaryotic cells. In the fly eye, meric G protein subunits, most measured on SOCs but not specifically I CRAC . One of the most aesthetically apthe exact connection between the light-induced activation of the phosphoinositide pathway and the light repealing mechanisms does not involve CEFs, but rather is a direct interaction between the IP3 receptor and a sponse is not at all clear. After a light flash, two channels, TRP and TRPL, are activated which admit Ca 2ϩ and Ca 2ϩ entry channel (Berridge 1995) , analogous to the dihydropyridine-ryanodine receptor interaction in skeleother cations into the cell and depolarize it. How does the light activate the channels? One provocative and tal muscle. The intriguing mystery of how empty stores signal the widely touted hypothesis is that the light-activated phosphoinositide pathway depletes calcium from the plasma membrane has interested many investigators and consequently swollen the number of potential CEFs. fly endoplasmic reticulum (submicrovillar cisterna, or SMC), sending a messenger molecule to gate plasma But as the number of proposed CEFs escalated, hope for sorting out the putative factors in various assays membrane TRP and TRPL. However, careful attempts to measure light-induced depletion of fly calcium stores declined. It became clear that the target molecules for Ca 2ϩ entry were needed before real progress could be have failed (Ranganathan et al., 1994; Hardie, 1996) .
trp, trpl, and at least 70 other mutants of distinct made. An expression cloning approach to CRAC or SOCs seemed risky due to the evidence for the presence Drosophila genes affect formation or function of the obtain the mutant line. Subsequent immunohistochemistry showed that TRP and TRPL were present throughIn several laboratories, attention again turned to the out the microvilli, not localized only to their bases where Drosophila TRP molecule because it seemed to provide the Ca 2ϩ stores (SMCs) are present. Apparently Pollock a Ca 2ϩ entry pathway sensitive to depletion of stores. et al. (1995) observed this basal distribution of TRP in Five pieces of the trp puzzle were encouraging. First, young flies, where TRP had been functionally defined. light-induced Ca 2ϩ permeability was reduced in trp phoThis observation presents a problem for the hypothesis toreceptor cells (Hardie and Minke, 1993 Vaca et al., al., 1994) . Fourth, the first mammalian TRP cloned, 1994) independently sense the repletion state of the TRPc1, was found to be widely distributed and part of stores. a larger family of similar proteins (Wes et al., 1995; In the second fly paper, a visual defect related to trp et al ., 1995; Peterson et al., 1995) . Finally, TRP expressed led to the isolation of a probable TRP channel-anchoring in oocytes enhanced Ca 2ϩ influx in thapsigargin-treated or regulating protein (Shieh and Zhu, 1996) . InaD mutant oocytes (Peterson et al., 1995) .
flies display a light-activated current that turns off slowly The four papers in the recent issues of Cell and Neuron in the dark. The InaD protein (INAD) was found to be provide further insight into the function of TRP. Readers associated with the fly visual system rhabdomeres and hoping for proof that TRP is the I CRAC protein will not find Shieh and Zhu's anti-INAD antibody coimmunoprecipiit here, since none of the groups specifically measured tated TRP. Interestingly, INAD has a short region of I CRAC. Nonetheless, it is a pretty good bet that TRP is homology to the PDZ domains found in the postsynaptic some kind of SOC. The work from the Zuker laboratory density proteins that may anchor glutamate receptor (Niemeyer et al., 1996) beautifully dissects the roles of channels and Shaker K ϩ channels to synapses. INAD TRP and TRPL using a combination of genetic and physattaches to the carboxyl terminus of TRP through its iological approaches. One of the confusing aspects of PDZ domain but does not contain a guanylyl kinase overlapping TRP and TRPL functions had been the lack domain (as do some other PDZ sequence-containing of a trpl mutant. The Zuker group screened Drosophila proteins). responsible for the capacitative Ca 2ϩ entry mechanism Summarizing the four recent papers and extensive past work by the Minke, Hardie, and Schilling groups, found in many vertebrate cell types. Zhu et al. cloned the full-length human (trpc1) homolog, trpc3, and retrieved it seems safe to conclude that some form of TRP is a Ca 2ϩ -permeant, light-activated, store-dependent chanpieces of six related genes in the mouse genome. When trpc3 was expressed in COS cells, the average [Ca 2ϩ ] i nel with regulated cellular distribution and function. But when one takes a hard look at the seductive hypothesis after restoration of [Ca 2ϩ ]o was boosted by ‫051ف‬ nM in carbachol-treated cells (but by only 30 nM in thapsigarthat vision in Drosophila is mediated by store-dependent depletion, there are some glaring problems. To review gin-treated cells). Injection of mixed subtype trp antisense oligonucleotides prevented any depletion-depenthe hypothesis: light initiates IP3 production, IP3 then diffuses to the SMC where it releases Ca 2ϩ and depletes dent Ca 2ϩ entry response. No electrophysiological data were shown to clarify the Ca 2ϩ selectivity of the rethe store, and a messenger CEF molecule is generated and diffuses back to the TRP channels in the microvillus. sponse. Zitt et al. provide Bennett et al., 1995) , ICRAC is not one of the TRPs tested alternative hypothesis of a direct, physical link between store and channel is not tenable given that the two are to date. 
